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(54) FERROELECTRIC CAPACITOR, FERROELECTRIC MEMORY AND PRODUCTION 
THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a ferroelectric 
capacitor, a ferroelectric memory and a production 
method thereof in which the operation can be stabilized 
by preventing fluctuation in the resistivity due to leak 
current or diffusion of oxygen and high reliability can be 
sustained while prolonging the service life by suppressing 
polarization fatigue of the ferroelectric capacitor due to 
repeated inversion. 

SOLUTION: The capacitor comprises a lower Ir(iridium) 
electrode 13, a PZT (zirconic acid titanic acid lead) thin 
film 14, an upper Ir electrode 15, and a ferroelectric film 
14 formed by laminating crystal grain layers 14a, 14b, 
14c, where crystal grains 50a, 50b, 50c are collected 
through grain boundaries 51a 51b, 51c, through grain 
boundaries 52A, 52B, 52C along the plane of the Ir 
electrode 13. An titanium oxide is deposited while 
satisfying the conditions for selecting an optimal 
electrode substance, e.g. Ir, controlling the nucleation of 
TiOx and the direction of crystal growth due to 

excessive Pb and the optimal annealing temperature for eliminating surface deposition entirely. 
Subsequently, a ferroelectric film material layer containing lead excessively is formed thereon 
and heat treatment is repeated at the deposition eliminating temperature thus laminating each 
crystal grain layer of PZT. 
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fc^aWP Z T»l«32b «:*M*#H»*X«^»*"C 
625°C—750 °C (^F^C 650°CJ^_b) TlO^Rfl, T^-- 

^ («as) -r-So c©«a*«LSccj:^'CPZT6i*sa^b 

W$ l50nm(O^P^X*-r FflKSCDP ZT5SStm» 
WKi4bfrC35c-g>. C<om&1b<om^C. ^lPZT32b 
<hP ZT#Sai4a t<D^m<OT i O x 3lB^PZTCD^ 
ffiKJSrWlJOS^. fflt*^fltiS®W«i4b^^$l±« 0 
[0 0 4 2] COP Z T^Ml4b tt. JrfBCDP 

Z T»fflli4a ilBjatc, t±tR<Z>J*att50b ^a*i^5i 
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US. tC^-^TPZT flE Kl4 b cDflM_L ta 
tS«aa8i (_bfB©a»JPbficJ:2»Pb^(tir 
^tfrHi©) ttrBife-r-S. COte-ca, _blBCDT 

i Ox »3iB«PZTWJ«i4b+Cc i a$StiS/ca&, JW 

[0 043]*i^ xe7tc*ji*r. xserMb 
/t^p^^^>r>*sa(opzT»Mi4b±tc, wnt&& 

[0 044] iiiSCDJ: ^KLTPZT + t^d'CAP 

[0045] (i). *-r. s««jKccocir.as-<s. 

[0 0 4 6 ] H3tCf*, T«B*a* s I r*i^Au/ 
'PZT/I r, Pt/PZT/I rWI r/PZT/ 
I r flKSOSP Z T + t^^5?0»S«*«ttOJtlSl* 

^vr 0 H4tc«. pzTWBRcoiiTojaa^a 

[0047] ±SB««tc A u £flH»/c* + ^ 

# tc *5 c * t « , io 6 iiifii±<DsiEtc j: o x mm 

±l-cc^^ 2xio 6 HJlU±©jS<teCc*5C4-rSL«fe» 

ffll>/c*§^ 2xio 3 @$T?»S«Fl4©«^B6titt 

[0 0 4 8] c cd J: ^ cc, »ffiag5^ttttSffiq»itK: *> 
_LTcDP3H«i3 4 is* I ri 0/c*SB»W 

ffiffiK (P r) $mfcmtiX\,*2>Ct&W*> 
[0 0 4 9 ] (2) . PZT© t fe H a {t^(D$lp 

tc-ot,>-c3£-<So ±ieufcJ;^c^£>^(b^3iA, 31 

B£:*i*I£*t±ft: (T 1 -seedinq)I r TSI«ffil3, PZ 
T«i4a±^fi!HPZT32a, 32b £it«£-t±T, *£ 
^'fbMJSJ^iiCC^P^'r^i, PJB32a-13, 32b -14a 
CDjf®6D*-#>BKM»3iA, 3lBCDififl5TPZT3NMi<b 
©«?Kj?S*sfi* v J¥^^icfe B B e{b^iltfT^ 0 CcD IS 
MItcj:oti5 (C) ©J:^tct±t«©3Kt^«3S50 



6) 1 0 - 5 0 96 0 
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ti, WiLtfPZT»l4a&coi>r7n , r<b (PZTfil4b 
*>EI«) , *G>SffitePb*^flE£T*1«SSSW33£: 

[0 05 0] U^, COcfc^tt^l— «E*J5StC«fcS*S 
JWbWE* £cD«, a*<c«&«:StrP Z Tllfrffitti8«* 

tb^CPb : Zr :Ti =1.0 : 0.5 : 0.5 , l.l : 0.5 
:0.5Syi.2 :0.5 : 0.5©3WB-C*>£. T i O x 
10 IgHWJUfrRW. T i -seeding O/c I r TSMMBl3_h 

So 

[0 0 5 1 ] Hlfe, ®riB»i»jK (X«*ft»PZT) CD 
Pb?*fi[5&sfil»»& (Pb=l.o ) B5 (A) tDJ; 
5 CC±jSt^cDgL^14BcD*^*r U7&>P Z T WIRl4a ' ^ 
M^n^ci^, HGSagfflK(650'C> -CBIPb«HWs 
20 a»J"C*S<!: (Pb>l.0, WCCPb ^l.02*S(8ft:-r P 
b=i.iXttPb=U ) , a«©3K^«®50a*sW6 

ns 0 

[0 0 5 2] Jffaltt P Z TfTKttSMoa&JiEW:. P b = 
1.02-1.50 (Z r +T i =1.0 tcttLX) itS (ffi 
U Ti/Z r ifcteffi«©»^ it*) o Pb»K*Jfi 
■TfifSi. ±JfiL//c*±««|j6 (PZT*Sft>fb^|fiJ©*U 

ffli> asuasuBK. iKtcpbaK^w-r^si, ±mis 

So 

30 [ 0 0 5 3 ] <SC^^S(600°C) T«III5 

(C) cDcfc ; 5CC^^Jl33*^D^^cD0C^b. 
iftK*f6WLr 625°CW_L, 650°C^TSCi^ 

j:^T«jsa»»33*i?Hife-rs 8 fio, **o«»ssffi 

[0 0 54]^ IE6&C«. ^{b^^>*^«^U/c 
I rTSB«tLbK:?&fi£UifcPZT*jai4a (l4b 4>|tJ 

P Z T«ttS 100nmWT©«Wtttt J F-"C* tKr^ 
40 SCi^S. 

[0 0 5 5 ] H7tcii, _biBb/c#P b«KOMf4*i6 
f#6n/cPZT^JH±CC I riSBWffi^rSS^fbr^K 

[0 0 5 6] cnccj:n^, Pb=1.0(DPZT^t^ 

i^nitii>uti^o ctitcttur:. Pb=i.i, 
1.2CDP Z T*r + J*i>'$lC&i t *X\3:* lCf HOSItetCfe 

50 [ 0 0 5 7 ] CCDJ: ^«C. T i -seeding £®f«jP b * 
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[0 0 5 8 ] ^C, ±IBCD <fc 5 tC, T i Ox L 
fcl rTfflJm«±5C»fiJEL/cPZTWB!i, TiO x ^ 
StftttbttOP t/T i N»«±tCflgjaofcPZT«fl« 

[ 0 0 5 9 ] H8tt I -V^SrTjVr*** CCD^-^&C 
<fc*i«, P t/T i NT8BSfi±tcJBflEU^P Z TSSflg 

•Tifi. T i Ox *&tfV0tc \ rT%$mM*&mi>tcm 
^ i)in^SRffl*«fil xicr'A/crf-C*^, flttifcl - 

[0 0 6 0 ] (3). «(C. PZT©«8(7--JI/) 
[0 0 6 1 ] cntcj:^, 600°C-C?f^U^P ZT 

awtttt, *L<fi±u 62 5°c^e>7oo *c-c^ 

ffiffiKoW^J&irm^titti,*. COIftii, 625°CJ£( 
±t?«Wcj|5fiSSn/tji»JP b<D«®a»«33*srH3fe-r 

[0 06 2] (4) . JgtC, PZTJSj&tftJloaJltCO 
li-ca^S. ±tabft:Ci*i6We/p3teJ;^cc;. (l) 
*ffi*»CC I r£:ffit,>&, (2) T i -seeding Siii 
*JP b©«S82:fl3^£* ( 3 ) *ffiO«Jfi»»»a*fl5ife 

t5fiK«±TPZT08«t«f^ci(c<fcor, » 

[0 06 3 ] Hl2«:t*, ±IS© ( 1 ) — ( 3 ) tcS-3i,> 
r P Z TteSK»£:*-» i ItMb/c PZT + tA- 

PZT*Sfi3K50' ^II^Sl* ^Lt*^ 
300nm©P ZTHEB14' #_bT<D I r ®B5l3-15WtCJB 

[0 0 6 4] fi£oT, ^SfiStfttTnS ftliffiff 

(DJSattJB *c ti»B8i30c^f f <c #£BttFiW?¥aE Oft C » /c 

[0 0 6 5] C*UC*tU **?Btca-^< P ZT + t^' 
^>^CAPtt 4 ^1 iC^G/c£n< , PZT»Hi4^±l5 

o/c ( i ) - o) (tcm^xf&j&^titc^mmifi ioo 

rm«KC0ia»t©PZTJsSaeUll4a, 14b, 14c<7>fBH 
^20—100nm Ott^PZ TSftffi50a , 50b , 50 C ^ 



7) %$m¥* 1 0 - 5 0 9 60 
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*S*fft» (yu-f ) 5la, 51b, Sic^r/r 

LTS^U SPZT»JRl4a-i4b|S&iy f i4b -14c 
^-C«±IBCDlSaSr|^5la, 5lb, 5ic<D{ftH* s m»«: 
-rnr&O, £/c^PZTSJ^l4a -!4bP H m£>'i4b - 

|^52A, 52B&&&0X:\,>& o 
[0 0 6 6 ] CO*t^CAPB, ^PZ 

T*§Jll4a, 14b, 14CCOPZ T©*SJit&50a* 50b, 

5oc^aW 5 li»'ra>orj»**ifiitctt*tftW5ia, 51 

10 b, 5ic#?K£l,Tl>«c#6. «Si3(CJptf^ffiS©» 

BlftCAAfl5CCJ|Sfi»»52A, 52B*ia»A3tirtr^O 
"C, Cft6©*Sfi*M*52A. 52B«V-^m^CDMgi"C 

KiStfo-rwsttfc*. bp** SPZT«fil©«<&:£ftK: 

*5^rJfg^iKf^5iaH^S^-C^»jS : 0< ttffiffcl/r < 

-S«-?-^»*ffi?L», «Bl3tCWf3&iBa«[|^52A, 52 

[0 0 6 7 ] CUT, *i^^#CAP&C*5C>T«, 

[0 0 6 8 ] BioCCfcfc, *^CcS-^< P ZT + t^> 
£ (ffiU PZTttSffit»©»H»«2iL,rc: 2^-r 
-^^ffi) ©PZTilOXRD (XJKHSf^^^ 

^Tj^-r. -cntctntf, •^d^^^-Y hteJttcH^rco 
( 1 0 1 ) ^om^f-^^i^n, *<u7xtrj hffi 

tif>2> 9 cnit PZT*Sft«U»€:3»<!:L/ciaiOPZ 

30 [0 0 6 9 ] £/c, Haatctt, |hJG< 2^f * ^ffit?® 
BSUfcPZTWMoy-^^iftWtt (A) imv5f£-m!I 
Wtt (B) ©WJffiJS**:^-*-. cntcj:n«, 
I^^^n/cPZT^i, y-^^ift^ia'A 

[0 0 7 0 ] ^C, $IilWCj;SPZT + t^^^^ 

^FRAMCO^^eV-feJU © 
S3g*ffi*Hi5— H206C-otiT8i?aTS. 
40 [ 0 0 7 1 ] UlSOcfc^CC, P" fi/'Ja>li 

tBJffiSffitcJ:S^V^'j3>«7- K^-Y>9 (WL) ^ 

#/cs i o, mmmi AtcMis. v-^««iio±cc7* 

50 [0 0 7 3 ] HiecD^^tC, n>^>?h^-Jb 
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(8) 



»20&«ft»U C<D±CCT i N'<y*»30, I rT»i 
Si3*BfiSU JgtCT i O x Jl3lA^r^^'^ &~elfa&t 
h a cntt, ^ffitctt»U/c#'; S ill, Ti Nl, I 
rJl&afT i Ox Y X )V $r?V a 

[0 0 7 4] EIi7©<£ 5 6C, Tffl5mffil3SO + T 

j«32a' *i*t&. 10 
[0 07 5 ]^ M*4?§i«32a* 
*Hff©DifiS(100-300 °C, «|A«170'C) -c«IjU23 

[0 0 7 6 ] &(,vt\ *S»=&tET L/c^x^*: 480 o C"C 

±, 08* « 650 a C) rm&*iQ»BBS£*6 (MfbSStt) 
0, Bi9©<fc5K:. »R«f*Ki4a£^®tc^R-J-*. 20 
[0 07 7 ]^^, Hl6rHai9©Xg£:JI* , 3 ilOT, 
*R«M»l4a±tc, JtiBiPia©T i O, H31B, P 

h*s B s a "c+it^^3Sco^^ftj^i4b^^b, cn6 

£K:J;oTI»*U B20<DJ:5K\ TSRH^13±CCPZ 
[0 0 7 8 ]^t?, ^^'^'JV^CCioT-f'jy^ 

[0 0 7 9 ] JECC, fi»IO*ffirBI146C7SO/c»Prfl*fi« 
BIB, 3>£^h*-JHs, t*^h^^>i6(BL) 

[0 0 8 0 ] ELL, *^OHJfifl»J*BiBJO/c*s, ±35 

[0081] w>u*. mmunt TSBUffl&o* 

±aB»ffi» I r JSW&Cfc, Pd, Ru, W, T i . C 40 

f& m t U& u x i> J: ^ o 

[0 08 2] £/c, TS5SffiX«P Z T*SStt»0*ffi 
K:JtM£t2:54£tttt^Jf £ L/ttt, T i O z m<DT i O 

T i €rWD*. TifeWOZr, Pb, La, Z 
n, Nb, FeCr>7U*©^^©l®XKl««±©S!^t 

i B5 j &»ffi±cc*S3i±'&c ii^-rtrs. so 



»H¥ 10-50960 
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[0 0 8 3 ]'cCC^ffl"5Jt^±IB^fl(D i 5^, La, 

[0 0 8 4] ±fBA«OM{bft*»JSE-r &CC«, v 

£c£tCj;*K Ti, Zr, Pb, Sr. Ba, La, Z 
n, Nb, Fe£*i«S-l±*:SL (^Jx.tf, 
Ti«8»-fbSl±^^ffifenIfi6'C**.- 

[0 0 8 5 ] c©»&, tptrfeT i ttffi8t>r?gtt3tc!B5K 

!BMbSaffi*tf ^iMi^ttC^ T i O x ®R««0.0inm&> 
^>10nm, ^CC 1 nrrrt»6 5 nrn*i»* «Mb1»<D*i«Sr 

[0 0 8 6 ] 2M&WP ZTWMSiUt, ±5B©^ 

#U>^S^C VDffiCCfc^Tfe. S^^K^ 500 

j&1&imifcc$>2>. fi£oT. cft6<D*ffi0cJ:^"CPb 

awj^aKPZTWH^jSL/. ±ai/fcis%iis 
rn«, ±jaso/c<bBi«©ja** s f#6tis. 

[0 0 8 7 ]**:, ±aUfc«ffiC!)«Jt3*»»*?H*3 
■tf^tCte, PZTOftflMbffltt* 625*CW±tTS©3&S 
C©<fc5fcfflfi*#«:. PZT*SiMb»©#* 

[0 0 8 8 ] ffiffloJ*B3Q:*»«*BIO«»«, ±12© P 
ZTJ&liWcfe, PZTCCNb, Zr, Fef«DU/c 
PZT, PLT ( (Pb, La) x (Ti, Zr),., 

[0 08 9 ] £/c, ±iftL *ft»PZTO» 

se, pzTiiisa^bsvcnfecoaoiiooxs^^^^v 
*>njttt?*i. PZT^a«iJi©S^^^tt^o^ 

«tt€ra&tofet*JBH^^b$i±"CJ:<. 2J1, 3J1, 
-€-n«±*SBlffiT«>S 0 
[0 09 0] *f6Wtc»-^< ^(Ix.^ 1 

^U/cI r/PZT/I r/^UI'JB/^y- S i » 

-r *6cara"5itet?a>£**. c^tcps^-r, sio, b± 

/c«afi©*+^N*^^tcfcjaffloJ«Br*2>. FRA 
MJ^^fCDffl^tC^MffiT^^o £/c, COB (Cell ove 
r Bitline ) ^ ^ ^©-^ U H2;UtCfejBffl"5JftB , t?*5. 
[0 0 9 1 ] 



15 

»niKc*saffifW* i ©m©co®tcv&or ca* u < « 
ffitSEtcWL/rwaeifes/cesb. T»©*sa«4»©*satt 

f|i^6©e«m^M*ffi?LAi±.@<D»Sa«ft»€>ttatt 
-?T, U - *SSfe^ffifii*S:fb*:+X »tcK±"rSC £ 
[0 0 9 2 ] ##5W©^«Wr+'^ 

*£SBfi-**£ccRSL^ swam ©«ffi«#JiS*'£*ix 

CD5%CD4>&< <fc 1 «Z>7C*<3D»KM» <«fCC*#>« 
£i£Si*-t±&l&2X*I£, CCO^t^itab/c 

W^g^icS^f ^SStUM U t , TftOiulB 
«Sa«UB«:»J«'r-5S4Xfi«h, COTJH©iBaf!ftJB± 

cD7t^(D^{b*J^iia5-l±^^5XfIi, tKDMffcJRtf 
i£fg U /cSu !BT»<D*SateJl-Bc , PfB?»R«»JR<D«F 

( i ) *»&»ffie«©«5£, ( 2 ) *saflEfi^i^<oftB 
&e>' (3) *attr--ii'aa©*fl=*±ri»s-r 

[HI] *ffelS©3IJfiWcJ:-2>P ZT^ + ^V^^SS 

wtc^-rwiewfMia (a) s^^OTii <b) m 

[0 3] mflSttWCCJiSP ZT+t^S/^©3Si»SS 

V) *kk*&UXm-r#57'V$>2>o 
[El 4] |5JPZTf8K(D»ffiffl(Ofc:^f 1, J^^ffl*lia , C 

[B5] HPZT* + ^^#<DP b«K<tT~-;Uiaffi 



9) 1 0 -5 0 9 6 0 
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[H6] T i Ox *8WWUiiI r S*S±K:?g|«0fc: P 
[H7] EIPZT**^*©Pbi«KtcJ;£»J^ffi 

[H9] rapzT* + ^^^<3Dr^--ii'ffla[tc<fcsBia 

10 ~C&&o 

[Bio] EIPZT*^^^^©PZTI»ffl!<DX*aiPlilT^ 

[nn] rapzT* + ^5^^oaa-BSM«Fttia (a) 

ao f m8K-«I'l$ttB (B) T*£)£o 

x ( f ram) <Dwmmm~e&z> 0 

CH14] I^PZT+t AV^M^/c^>ft^ * ^ 
20 RAMCO^^ErU ■bJl/i&S'rSEHSBfffiBI^*^- 

[H15] l^^-tUHrJKOKfi^ffi©— xeSFS^r^Tffl; 

[Hie] em •* »; •fe^©«jS*fficDfi&<D— xssw^^ 

[H17] EM* ';42Jl/©»Jg^ffi<Z>ffe<D— X^SPg^TTn 
[Bl8] EM* yHzA/©«j&*ffi©ffi<D— xespgp*7n 

[Hi9] ra^*u^ji/©«s*ffi©fl6©— xeia^^ 

30 Tffi^BrffiEI"?**. 

[IE! 20] EM* U ■feii/CDJJJS^ffiCDJgtcffi©— XHSPg 

[H21] ^^tc^^PZT^-^^^^^cDW^M^T 1 

[H22] ffi3^JtcJ:SPZT+ + ^^^^ 3 &a^iiA//c^ 
il^f^VX ( F RAM) (DWWir^^ 0 

8 * • • N* iFU-OW 

9 (WL) • * • V- F^-f> 
40 10- • * NT fflV-^«i« 

13- • • I rTSPmffi 

14- • • *gfffif*« (PZTWK) 

14a, 14b, 14c • * • PZTiffl^ (*Sa*SIS) 

15 • * • I rXINWfli 

16 ( B L) • * 't'7F7>f> 

17 • • ->'J3 

20* * • ^ ^> ! J3>1 
30 • • • ')^M 

31A, 3lB * * • T i Ox ®W*JB 
50 32a • • • #MPZTi 



50a, sob, 
5ia , 51b % 
CAP • • ■ 
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50c * • • tSAVL 

51C, 52 A, 52B • 



(10) 



1 0 - 5 0 9 6 0 

18 

*TR* • • l5>^7Ty-h 
M-CEL • • * jt-^Vtefr 



im i ] 



[B2] 



CA) 



CAP 




15(Ir_h«nWS> 



Xil 



51c (IS Attft) X@ 2 

\p \ 14c OTOKK: PZTIB©J&£ 
- . T J «tA«fcfl) 

ISAttJS) 




13(IrTai«ffi) 



Xg4 
TLOxBdftftEft 



8UCTl0iIS> 
PZTJ8) 



PZT«) 
^- aiACiOxig) 

— 31BCTlQiJS) 
— l4att£tt*fc«a<D 
PZTIS) 



(B) 




WB0BS0BSB00& 



iiiiHlHHlii 



aiBCTiaxJB) 
PZTfS) 



pztfb) 

SlBOTtQxM) 
PZTIB) 




CH4] 








/ 0 


/ fffiBBEE (V) 



^50a x 51a 



15] 



CA) 

T^-Jwatfe Oftt&as) = 650-c 

-14B 



(B) 

7--^Sffi (ttfeiaffi) : 6501C 
51a &&tftft 




60 a 



Pb:Zr:TL-1.0: 0.5:0. 5(Pb=1.0) 



Pb:Zr:TJ-l. 1:0.5:0. 50>bM. 0 
Pb:Zr:Ti-1. 2:0. 5:0. 5CPb=l. 2) 



PZT»S54>P- E<?m 



(C) 

t--au3£ (mmst) : 600-C 




51a 



Pb:£r:Tl-l. 1:0.5:0.50^=1. 1> 



BEST AVAILABLE COP\ 



WBB^ 1 0 - 5 0 9 6 0 



[B3 ] 



80 
60 
40 
20 
0 

-20 
-40 



^ ^ ^ ^ *x 

r 


• Ir/PZT/3r 
xPt/PZT/lr 
AAu/PZT/lr 

2Pr 


- PZTJg|J¥:300lim ^ 




- 7--;vag(^fgaS):650°C ^-a-^**-**' 

- Pb:Zr:Ti=L 1:0.5:0. 5 

/ 


" ^ 


w» w^m 

-2Pr 


' m 1 1 mill xinm.l unmul , u. i in.il m.mi.1 n 


iimiil i.i i mini — 1 1 1 iiiiiiI .j.i) i unit 1 1 1 linn 



[|^8 3 [§2l] 




BEST AVAILABLE COPY 



WHPP 1 0- 5 0 9 6 0 




066001 10KV X 1 6 1 @ K * " 3*. Ourn 



[ill] 




i - t*m 

(B) 



3 /zm 

J^JK Lfc P Z T»J^cd S E 





-io-« 








-io-< 






< 






-io-« 








-io-» 




-10" 10 



-10 
Vo CV) 
I -V«fiF^ 



-20 



2Xfv :/&T?J&i£ bfc P Z T (SOOnmJ?) I - 1 . I -V Wffe 



[BIO] 

2000-j 



L8O0 




coT AVAILABLE COPY 



(13) 



mffl¥- 1 0-50 96 



17] 





50 




40 




( 

30 




20 






a 


10 






ai 


0 










-10 








-20 



-30& 

-40 
-50 



Pb=1.2 

""= H ~g* tl f -F 

Pb=l. 1 



Pb=l. 0 
» t * » -y-y 



-CUX. 



Pb=1.0 

PZT?fJK:300nm 
_h«IJ*KRCfT«1t«: Ir 

WJOSffi: ±5V 

Pb:Zr:Ti= X:l:l Pb-1. 1 

- - -"•-■---■======5 : 5=^g= 

Pb=1.2 



■ j j ' ' ' 



1*10° 1*10' ]*10 2 1x10 s 1*10< l*^ IxlO 6 1*10 T 1*10 8 1*10' 

frmsimmm. (H) 




BEST AVAILABLE COP> 



0-4) 



4#H§¥ 1 0 - 5 0 96 0 



CH9 3 





SO 




40 J 




30 




20 






e 


]0 








0 




V-. 




Qh 


-10 








-20 




-so 




-40 




-50 




A. A. 



625°C 



Jt--1t=Ur 



625~700*C 



PZT^:300tub 
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